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Set y 1 3 o°cja±Ki*M«*'>M*&fflJt£*-r5 *a> 

^P h^fE^Mo 

2E«<db(*»#?-£!(d:/d h>e«n. 

/SflS5?^> »^U*j» + lcl*«rlEtt±«;«i:i:tl=*B 

[0001] 

U l$L<(iig;^i|ScT*ta$flc^fig-r^^ > P h>-fe# 

KfcH-rSo *3ew<&-?n h>e*si*. #]*.i£b#k 
[0002] 

ry- ksjs («»«) : h 2 - 

*V— KJEJ6 (iSStffi) : 2H + 

»K-c*4*t*yi»<iB»^ft*« £/£^g0>7k£s& 

[0 0 0 6] *a 



y/hs^oms • nm-MttikkU «oo*y. *fc 
[0003] Bii*x»?-B«m*Aa. -1513, ^p h 

-»<OlS»)lii^bftiMEA (Memb r a n e 
Electrode Assembly) 

iCJ: y 7^ - K«t L t(0»8a/)<iffiiii, til 

K©ffi*<DiiizEiisnfc«*fl!)«a»a»atf#^a 
ife/i ic^ y * v- Kat L-ca>»*aA<nififc* tt*. 
[0004] ^^'5>flliaa>@«;iS» : f-^**m/ ; tiii3fcL> 
ri*. ***aic***a>«»#x*««***L*fcfct 
ic, »*aicfflft*a>»^*X3fi««l&**t«c:i:(c«fc 

y. &ti^T!B (1) (2) xCic^^rmas^ 

> (^Dh» *<7KW«S (H + ( x H 2 O) ) T?ti 

«R£*LT»*a'M*»iU ca>»*a"C* (H 
ft x * ; u * - [ z K ft L r n y tti r C A< « o 

[0 0 0 5] 



2H + +2e* ( 1 ) 

+ 2e" + (1/2) 0 2 ^H 2 O— (2) 

<5> o 

[0 0 0 7] CClz, lE?Ph>fiti*yftiM 

nm\*. -mz. rNa f i onj cfittna. t^tk 
# y * y * . ^ h *«tK y t iMmtt # fc * y s 

< ftUdD'C* S»ltl*M~ 8 0°CSJSO)fi;gfii«rffi» 
[OOO 8] mftteffe£iti£>£!3li. 

Mcky**iiiB«ia>*A<*wefc« 0 -rft*>%. ±re« 
as/Ei*. *»iiBiic»(HLfc«a«MEJi*si6-y--f k 
tL, mnmmmizfctf&f&mzvttyntnMnmt 

tt*St«>SCi:)b<±E*aSJCa)JSlSaS<Z>ia*. l>t^ 
tf)5irriig;aiE»<fc y ti»iMEBO)*A<*«i: ft*. * 
BLtSMlSttici^^ifcft, BiSBBtix 
[0009] L^L^^«b, ±E/^— ^;u^-px;u7h> 



2 



iLTlBI+a>*»A««:<ft««fc5«:*a««-eii. h 

[0010] f:t\ &M2 000-9094 

B*<B*S*iTl**. 
[0 0 1 1] fit, ±IB^«ICI4. C(0«fc?fc*ft«tt 

«>Ci:^b, 10 0-16 O°C0)SSffl«-e tSSffl l/^< 
[0 0 12] 

[flBMA<»aLcfc5fr*BB] L^LWb, ±B4* 
«lcB«**Lfc«*<D^D h>fiSil:«):oTt, M4 3 

[ooi3] *mwiz±tzmffi\zm*+xu£titz*j<DT- 
fey. *y»^BK««^«ffl-r*«**>J»/nB«B-e 

-r«ct*iB*-r-<#ft«BBi:-r**a)-c** 0 

[0 0 14] 

[■■t**t*fc»©¥»] ±IEBBS»*-r**» 
»lC7K£i&S£ U tt±«SlftA^»t)[**ifcB(**»iFH 

l*4*0>d>tt< <!: t-a5£«#L?£«7kt£;*£*LT 
[0 0 15] »Btttt«lC*5L*T\ Mte5te±a^(i. ft 

[ooi6] »Ban«izj3^T, «iEtt±tt*i*, m 

[001 7] *JBWa>BW*»^a<o^p h>fc#M 

;uaizj:y«K$*i. K % y;u»J»*r=i*l»EI6±ll;*4: 
ttiicaBSit«i3&<#tk*#tT^*. 

[0 0 1 8] 

[^0J(7)HS6(D^S] **MO)B(**»^Sa)^P h> 



t AMb^is* l fc«M»*r ««^tm cfc y a zmmrftto t 

M) *<»«flM***tfc*a>T?4.^ y<c6KJ^ 

[0 0 19] ±!fiiiSiffi^c):^cCl)iif«i: 

3-y»j v K+->?Dtf;i h y * h^>>7> (gpt 

S. CH 2 CHOCH 2 O (CH 2 ) 3 Si (OC 
H 3 ) 3 ) Xli3-y^^'jP^v^Pt 0 ;UhU> 
> > ^ > (MPTS, CH 3 CH 2 C-CO-O- (C 

h 2 ) 3 s i (och 3 ) 3 ) tz?o h^BmtetZ^ 
t? £ ^Httft - 4: 1= J: y » & c t *><T* * & . 
[0 0 2 0] JtE*»*t*4<fc y te&mtetittot Lt(D7 

h^>V7> (TMOS. S i (OCH3 ) 4 ) , f h 
7lh^>V7> (TEOS. S i (OC 2 H 5 ) 4 ) 
Xtt^f;i/h'JXh^VV7> (MT EOS. S i CH 

3 (OC 2 H 5 ) 3 ) t^nh>e»(ttm^iS 
[00 2 1 ] ftfc. ±E^P h>fcSte<t LTI*. 7K£ 

i=R5E**tr. a*>^X7->B (sta) % y>BK 

'jifj^>yxhu>s (pwa) ^£$ffl-r&c 

[0 0 2 2] *fc. ±E«*U7j:yft4?Qh>fi 
WBi: LT(*. fliltf. TNafionj (SiftgtflL 
^TZLTK^ttS) -^TGore-selectJ (SSlfi 

B. 37tt8) :7;u;J-p*ju*>K* 0, J 7(D 

[0 0 2 3] *#gBJja>B{*K5i^S!0D:7n h>fe^flllC 
l4tt±«t*A<»«k**lTt^«. Z<D»±lt«jli. ^P h 

[0 0 2 4] 4^4tt±I»©Mi:Ltl4, ^Ph> 
[0 0 2 5] zciz. ±ER«» / >BBt6;*JtA:tt. 
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A Situ (A*tt») *JHl*4*«#llB*»ffilc*y*tf> 

[oo2 6] *ft*M(»zra b^BmmizftWLZ-ezzt 

0) t*ts»±ll;«tLt, «^etf. (M g3 (s 

^ i 4 O l0 ) (OH) 2 % HS«'J>lifl*&ajS : 3 0 0*0121 

1) , /WD7o-fh (Al 2 (S i 4 O l0 ) (O 
H) 2 % ESS'>BHiSS£ : 7 5 OtfiLt) 

V (A I 2 o 3 • 3 H 2 O. Hfi3£'>BS*6S£ : 2 1 o 
°C) 4Ct*<T?£. C*T,£><D1fi:KI4 2lim_t£ 

[0027] fcffi, «fey»a««-e«ffl-r*ii^T*fc 

ott, A»tt3fa h^tttMtiUJ:^ • ft 

Kisi±*i^K***iiB»&aft**'r««6±ttft*. as 
o a cja±<Df6±tt«is»ffl-rft^t^»*L^. 

[0 0 2 8] **»*L^a>l3\ S&±#lci¥ 

3 y»«3^**L*(l«)*KM*BI»a* 

^*fflafltfi«*y**^a*-cab**6±««B. t4h 

«'><&fci*tt±tt* (««a«««l=feit4*«M># 
*<2 5°Clzfclt4K*(Z)0%-Cfc4 4i(D) JSfflt^C 
tT*fc4 0 ttfflafl[«*rzi3lt*«6±«1fc<DK«** 

is. «s±«»*f-***t**»«*«ji»zj:y*a< a 
ftom-si*. *a>«±B*A«**4**A***-a«> 

»«££4. Ltztf-oT. C<Z>2 5°Clcfclf^3te±i£!Kg 

d>#a>t»**<*#-rsf4fc* «fflaffi««-ett±lttt* 
i=***i4*#«*<Tau mm<n$)g:£mf$.-?z>zt 
*<BB£tt4. 

[0 0 2 9] *fc. ±Ett±tt«li: LTI4. ¥«DKkgrf>< 

1 - i o /imSJSa)«»«<7)ta)SSffl-r4c4:A<»* 

L<* <fcy»*L<l4 s P«Sltt«A<1 ~3//m*i]t(Dt,<7> 

£f$/s-r4zt-cfc4 0 «s±it«ia>¥«sttSA<*#-rs? 

[0 0 3 0] $ blZ. *2&^(7)^P h>e»K + fZfclt 

4JiEtt±tt»ia>***te* **m(d^p 

ft£ 1 0 O w t %t Lfcfc#* 1-50wt%gS<ht 
act L < * J:yB*L<li20-40wt %II 

Jtff 4CtT*fc4 0 «6±tt*0)««A< / Xj:-r*« 

ts &m&Jkm®v7a h>e»K*ic#*;h4*#a: 
-ra 0 

[00 3 1 ] *f6Wa>H{*S»-¥-ffiO)^p h>fc«McD 



Kii^Sjt LTI4. 1*l=B£dii4ti0>'ett&l**<. ffl 
[0032] i/;uy;uaizj:y*»wa)li(*K»*a<D 

^p h^mmmzw&'tzm&i*. ^u»asmit5 

[0 0 3 3] CCIZ. ±EB>ixaicj3itfty^*a* + 
ici4. t^u^uuvK (po (oh) 2 c n H 2n+1 ) 

T)l*r)V7.)i,7\s^Ml- h U OA (C n H 2n+ , S0 3 N 

a) *a)*ffisi4»j*a*D-r*ct*<»*L^c cat 
4cfe. */;b*a+i^fci+««»«o>±iB»±tt»<D 

±ttttc:<fc y«±#ica3itfti4i-a)aattii*««-r* 

4o 

[0 0 3 4] HT, »Mi**»»l:?P h 

aic*y«a-r*«ftico^T. »«i-r4. 

[0 0 3 5] ±J5H»xa-ei4. »t)4x«^Ph>e» 
Kl::fcl*TMfl2lS1Sl£ Lt(D7 h U vV7.totUhV)\> 

Wnt LTCDG P T SK>T Bosmt . x*y— jUb^ 
p/<y— ;u3?<B*a»»t£. 7Kt. ^Ph>e»««ic 
*£#«£-r4^P hvfc^ttt Lt0STA|^pir 

mn&'Sttx-m'S'tzt ttic % z(Dm^m^\z±u 
'«S±«t*SBf3e«»JniLr»tk*-ii- a - tic* y . v^u 

set o wCDt^, ±aa>tfc 
y. !/iu»«*(=tei+**±it*a>»»tttn±aFii:4 

[0 0 3 6] ±E7;U»?ftfcl4. temizftcx? 

[0037] ±E % /ju»a^a>«6±«aa>aMin« 
I*, »*imii:»Lr, o. oi-o. 5gitit 
4cfc*<T?#4. 

[0038] ±Ey;nfcia-ei*, ±E^u»?a*« 
a. t l < (4 7 o°cas*T?o)apJ!ftftfrT-e2 4b*ib« 
flE*^*«-r*ctrc«ty. »^w»»«yMbs*t 

t-t4ct*<-e#4o 

[0 0 3 9] 15 LT^#btl^*^0^CDg^*ig^• : ?-M^ 
^Ph>feSJI(4. B(*K#^H<0«*4«;ftl:: 

A<T*£4o 

[0 0 4 0] C<D*5lc*JBBa>Bf**»^-aa>^P h 

>e^M(4. ^p h>e»aaic**e»f*"4^p k 
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± m ft * I c # * tv T I » •& * <0 '> < <t t - SB £ « t# L 

fctx. <Ei-*5±S£ft*<#£*i.Ti>fci,^p h>£ 

& ;h.T ^ £ * A<£ T L Ti£fc±t£83A<3S£ 

ffla*««ictj^rflin=. &^p h ^mmmx-mizo®. 

[004 1 ] *3BMOHi*!i[»^S!©^P h>e 

[0 0 4 2] £ t>|Z v *|gB^(D@tt:B^- J F-Sia)^'P h> 
£*Btl** M+l=*HBrt-4tt±IMtol=J:y. K?i)SA<lS] 
±-T4i:4:*l=. Ma>W»te*<fil-f*- So 

[0 0 4 3] 

immmi kit. **w©Bi*:*»*s!fl!)^p h>es 
[0044] [mi mmi m 1 stJfcGjroBfcKtt^-s 

[0 0 4 5] (3U60J 1 ) ^Hi6ffi](0@<*S»^-^CD^ 
h ite±a£^tA<. *«*ttttft 



[oo4 6] cci-. ±te^p h>esg<*i*s^>yx 

^f>S£ (ST A) iy^y. ±EM»*»J:yft4-7 s 
■J •v>xgpioC3-'5 ri J v K+v^p f;u h'J > h 

(gpts) zffrmntt&UD&vuiV. ±te 

*ilt*#/S#a>E*tfcr*. ?ah>fit«4#SiOO 
wt%tLf:tf, S T A*<3 4 w t %» 7hU«;97 
o«M36wt%, h*<30wt%tfe5. 
[0 0 4 7] *gg«S<5il<7)@tt:S#^(7>7P ^fiiffi 

[0 0 4 8] <iSa*ig>y;US#*£: ltcdg p t s 
fc. Si88i:UT©x$/-;i, (EtOH) £, 7k 

(H 2 O) <h ^UtbT-, GPTS : EtOH : H 2 
0=1 : 4 : 4 ©iE£tt-C*;E#-r •!>£:£: *l=. C<Z>;I£- 
jgjfclz^a t->G#t*:£ LTfflS T AfG P T SIC** L 
T (ST A&tfGPTS 0)$£M.tf 1 0 0 w t %) 4 0w 

[0 0 4 9] ^ LT, Ca>ja^?gja*ICSF^*igA<1 y 

[o o 5 o] <y;Mtig>±rev0uit5fc£v-v-u^ 
(OSSIC^L. ^;ST-2 4B$^teS-T-i)C <h I- J: y . V 

[0051] -tf5y*;Hbillicfc int. ¥)\,m 

^tUtfflGPTSli, TSSIb 1 iClc^-r* 5lc s oc 
H 3 A<6£ (X(ifflS) <Dfl4>XT-C-7KlCc»:-obJ)Q7K»S?SS 
It, Ijtf^vHtflgp H (pH1~2*lJt) IcfcfTBfj 

[0 0 5 2] 

[-fb i ] 



och 3 



OH OH OH 



1 " A 1 

CH3O— Si— CH2CH2CH2-O-CH2-CH— CH 2 ► HO— Si— CH2CH2CH2-O-CH2-CH— CH 2 

0CH 3< . OH 



[0 0 5 3] C3LT-C*fc***«**«»J:y&* i: Ltff)7 h 'J V 0 XfflSI*. #*I*,|C*«M£ 
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CD «*i £ Wih-r 4 - t # * o 
[0 0 5 4] (Hffi<fl2) ±8BS*»a 1 m I l~*t-f£ 

I*, ±e**«i fcHflHcLT* *^SSW0O^D h>e 

#BI*»fc. 

[0 0 5 5] (Jttfcfll) IS±«t*i:Lt^?*-f K 

[0056] (^Dh >esH4<Dffflfi> ±tailj5£ff>J 1 a 

Wtt»«f S*« ( N F ELECTRONIC INST 
RUMEN T St±m &mi^X. «Prt<7)fflJt : 1 2 0 
°C, ffl»a* :80-1 0 0%a)^ttT-^ 

[0 0 5 7] Jt*«1 (DZfO h>&mm<D? 

a h>e»Jt^i o" 6 s/cmt-y-gHtifeo^ 

ic»u sessffj i cd^p b>&mmi*i o~ 2 - io' 3 s 

/cmt-^?Ph>fi9SS^Lfc. ZtLlCj: 

1 2 0°ClZi3lt 2 5°ClZfcft£Sfi 
<D0%T*fcy. M*'>Mtt»ft*<2 1 0°CT*fc£*ii± 
ttttt L-CCD^P^-r ha)»*llCcky. 120°CC:fclt 
S^p h>e»KA<*W=rpI±'r*CA:*<aB*ftfc 0 

[0 0 5 8] gsfc. ±E3ttt0M at«fc««i -c»&*l 

: 8 0°C *S2*;SJ£ : 0% (ftttlS) (BftttT 
[0 0 5 9] ttRffil 1 <D7fp h>fe®Kli^ 

P h>g*fi*<1 0" 6 S/cmt-^-fiSt*ofcO 

izttL. mmmi <r>^u h>e»Ki*i o" 3 - io' 4 s 
y . tfo±n>mt lt<»*?7-*<< KD»anic*y. so°c 

<D*Mft#TJC fclt* ^P h >e»**< 2-3 ffifa± 

[00 6 0] (Hl&ltcDpffi) ±EXtfefll 2 a tt«a« 

S £ffll>T\ 2 5°C. ffi«;lJS : 5 0%£> 

[00 6 1 ] -t<7>tt** itR« 1 OO^P h>fe«^co?l 
»5MW«4 P a-Cfcofc<DlC»L. 3IJ6ff«J2CD^P K> 

e»«(Z)3i»»*i*8 p a-efcy. &±m®± ltcd^ 
[0 0 6 2] (W#&1£<DPffl) ±EHBE0>J 2 atf ik«« 

n?»&*lfe?Ph>e»«l:0^t, TG-DTAg 
S (ft*a») *fflt^T. J^ilJt : 5°C/m i n CDi£ 

[0 0 6 3] ^CD$Sm. JtKflKD^D h>e«SCDS 



(7>^P h>fi9B0)RlX'>ni&aS»2 1 0°CT*feo 

y. efi^>B8$s^s^3o°c±»L. ^ph>ew 
<d m j»tt*< rsj ± -r * c t *<«k z *i tz o 
[oo6 4] (mmm3) ±Eyj«iti:*7*-f Kt 

ttffl£ lt(DTju*ju'J (po (oh) 2 c n h 

2n+ i ) SGPTSItJUC^LtO. O 1 ^Ei^^JDl 

[0065] **jfi«-ei*. *aatt*i*aiiD-r*wt 
i=*y. i/^ssa+^fcctsawtta)^-?-^^ 

«Lfc^US*fifc-r*Cli:*<prffii:>S*o LfrtfoT, 

hi3*yi«±(ti-fc«t-&«3-a>sattffi*irt«-r4c 

[0 0 6 6] C?P h >e»14(DHMffi) ±E3IJfi«>l3Tf 
»f>ttfe^P h>£»l«lc:oivc\ *lEJB»*1*tt#*r 

: 1 2 0°C. ffl**SJ£ : 8 O 

[0 0 6 7] -t<Dfi«* H)S6ffiJ3<D^P h>fe#M(D^ 
P h>fc#Jtl*1 O" 2 S/cmt-^-tfcof: 0 Z*l 

ic*y. iHBStt*Ja>aiini=«fey. ^o^eiS^fi 

[00 6 8] [«2 HffiffJ] m 2 *Jfi«0)H(*K»^S 

<d^p h>e*Mii. m®ttm\zz?n h>eaw**<»» 

[0 0 6 9] (H]5S^J4) *36Jfifi"l<7)Hi*»»-T-Sa)^ 
p h>€*Mlis **»«fc-r«^P h>fi*ii*tt 

[0 0 7 0] CCIc, lE^Ph^fiWB'J^ih'J 

x^iu* y fty . ±EK»**«fc y<c4"7 k u 

l*T EOS*y;U«»fr*tiO>J: y^y . ±Ett±«K 

#^»<DiB^Jtli. ^P h >^SBI±<*^ 1 O 0 w t % 
i:Lfc<h^s U >i h 'J if ^Stf T EOS 4*©«» 
T*fe£S i 0 2 ai/P 2 O s JiySi^h'J ^<7XSJ 
(S i 0 2 : P 2 0 5 =9 5 : 5) ^8 0wt%, fi± 

[007 1 ] *St*«o>n#*»T!!<o^P K>6Si 

\%, laTic^-Tcfcaic. !/;i/yjuaic<fcy»jfiLfc 0 

[0 0 7 2] <B«l8^r;H»i: Lt(DT EOS 
ts Gl&fe&t LTO^Z S (EtOH) t. 7K 

(H 2 O) t+ Mt&t LTO^IS (HC I ) 
Jt"C. TEOS:EtOH:H 2 O: : H C I = 1 : 
4:4:0. 1 (D^itVM^-T % t t t |C. ZCD;g^ 
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EOS : U >l£ h 'J IfJl/= 9 5:1 Ot65^1/tt 
[0 0 7 3] *LT\ CC7);l^>g^^lC^^ag^1 /i 

[0 0 7 4] <WHti8>±E^i/iSiS[*i/v-l/» 
0>#3fl-*f Mt*1 4BrajftS"T^Ci:lc^y. y 

[0 0 7 5] C?p h >fe»14(D»fflfi> ±IBHSSffH4T* 

£ffll^T. *PW0)SJS : 1 2 0°C. :80-1 

[0 0 7 6] HJS0>]4(D^P h>e»K0)^ 

P O" 2 S / c mt-^-t'feofco 

[00 7 7] [ft 3 ftffiffil] iMUfiWttfflfcBtf^Sfl) 

[0 0 7 8] (HJSffls) *3liS«<Bfflf*Ktt^S!a>^ 

— ^JU^PXJUTtC/Ifctfy "7<t LTCD Tn a f i o n J 
[00 7 9] C ZIZ. ±Ett±tt«5tt 3 FlStta*< 1 // m 

lt4#rt»0)E*ttl** ^Ph>feiIil*$l0 0w 

t %<t Lfci#. N a f i o nA<7 0 w t %. 3£±$£!&J 
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